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DEVICE FOR ARRANGING THE
MEASUREMENT OF PRESSURE IN A
WRISTOP INSTRUMENT

BACKGROUND OF THE INVENTION

The present invention relates to a device which makes 1t 1s
possﬂ:)le to arrange for the measurement of external pressure
in a wristop instrument, such as a sports computer, a diving
computer, a wristwatch, or the like.

Sports computers and other light electronic devices such as
GPS devices and similar, must, especially when they are
intended to be worn on the wrist, be constructed in such a way
that they meet the watertightness standards of the clock and
watch sector. Such standards are, for example ISO 2281 and
ISO 6425. The standards require products to remain water-
tight under water at a pressure according to a set depth.
Wristop computers are usually specified as being watertight
to 100 m. The test pressure 1s then 10 bar. Other watertight-
ness classes used are 30 m, 70 m, and 200 m. Though the
pressure class required in each case 1s defined according to the
purpose of the device, 1n this connection it 1s important for the
device to withstand the pressure under water. It may be sul-
ficient for a device mtended for light outdoor use to withstand
a short immersion 1n water, for example, when swimming or
otherwise moving 1n water, or for instance when washing
dishes. In devices intended for more demanding use, a higher
watertightness class may be necessary, only on account of the
requirement for greater durability. Devices intended for div-
ing use will of course have greater watertightness require-
ments, while aviation use will also place its own demands on
the construction of such a device.

One way to implement pressure measurement 1s to use a
separate pressure sensor, for which a through-hole 1s arranged
in the body of the device. Such a through-hole 1s, however,
expensive and takes up much space. If the device itself must
be watertight, the pressure sensor can be put outside the
watertight case through a sealed hole. In order to work, this
construction demands complicated mechanical protection for
the pressure sensor and constructions that make the case
structure of the device watertight. However, these also create
a thermal bridge, on which the internal moisture of the device
can condense 1f the temperature of the bridge drops below the
dewpoint of the gas 1nside the device.

Publication U.S. Pat. No. 6,754,137 discloses a construc-
tion, 1 which a piezoelectric pressure sensor 1s located in a
wristwatch. The pressure sensor 1s enclosed 1n a space, which
1s connected to the environment, and which 1s 1solated from
the watertight internal space of the watch. In the solution of
publication U.S. Pat. No. 4,783,772, a pressure sensor 1s
located 1n a protrusion formed on the side of the case of a
watch, 1n which there 1s space for the sensor and connections
for transmitting a signal to the circuit board of the watch.
Publication EP 1 024 034 discloses a pressure-sensor system,
in which a gas-permeable membrane protects the actual sen-
sor. In publication U.S. Pat. No. 6,016,102, a gas-selective
membrane 1s used to seal the case of the pressure sensor, 1n
order to be able to use the sensor 1n the case to measure the
pressure of a specific gas.

In devices worn on the wrist, the sensor should be located
in the device in such a way that 1t does not increase the
external dimension of the device, but on the other hand also so
that 1t does not block the path to the sensor. A location on the
upper suriace of the device 1s limited by the fact that as much
of the upper surface as possible 1s generally required for the
display. The opening or path going to the sensor can be closed
using a membrane that 1s watertight but gas-permeable. Such
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membranes include those made from stretched polytetratiuo-
roethylene (PTFE). Known commercial names of such mem-
branes are GORETEX™ and SYMPATEX™, The protective
membrane must be well ventilated and must not be exposed to
severe mechanical stress. The ventilation of the membrane 1s
important, because, 11 the membrane becomes waterlogged
and covered with liquid, 1ts gas-penetrability and thus 1ts
pressure-transmission ability will be substantially reduced.

SUMMARY OF THE

INVENTION

The above factors set the requirements as to how the pres-
sure-measurement sensor 1s arranged 1n a wristop mnstrument.

The 1nvention 1s intended to create an arrangement, with
the aid of which pressure measurement can be implemented
in a wristop mstrument simply and reliably.

Further, at least one embodiment of the invention 1s
intended to create an arrangement, with the aid of which 1t 1s
possible to arrange the transfer of the atmospheric pressure to
the pressure sensor of the instrument, and to prevent water
from entering the watertight part of the instrument.

At least one embodiment of the mnvention 1s intended to
create a construction, 1 which the components of the
arrangement used for pressure measurement do not substan-
tially increase the external dimensions of the device.

Further, at least one embodiment of the invention is
intended to create a construction, in which the components of
the arrangement used for pressure measurement need not be
located on the surface lying against the hand, or on the same
surface as the display.

The mvention 1s based on locating the pressure sensor
inside the instrument and transierring the external pressure
inside the mstrument and to the pressure sensor, through a
gas-permeable and watertight membrane.

According to one advantageous feature of the mvention,
the through-hole formed by the gas-permeable membrane 1s
sealed using at least one mechanical seal or seal construction.

According to one preferred embodiment of the invention,
the gas-permeable membrane 1s protected against mechanical
contact.

According to one preferred embodiment, the gas-perme-
able membrane 1s supported from the internal surface, using
a support structure.

According to one preferred embodiment, the through-hole
formed by the permeable membrane 1s located at the side of
the instrument, 1n such a way that 1t does not open onto the
surface of the instrument lying against the hand, or onto the
same surface as the display.

More specifically, the arrangement according to the inven-
tion 1s characterized by what 1s stated in the characterizing
portion of claim 1.

Considerable advantages are gained with the aid of the
invention.

With the a1d of the through-hole according to the invention,
a pressure sensor can be located inside the instrument and as
closely as possible to the measurement electronics, thus
reducing interference. In terms of i1ts installation and con-
struction techniques, 1t 1s advantageous to locate the sensor on
the same base as the measurement electronics. The mechani-
cal stresses acting on the sensor will also be reduced 1f the
sensor can be attached only to the base of the measurement
clectronics. With the aid of the construction, cost savings can
be achieved while device can be constructed that are smaller
than earlier corresponding devices. Because water vapour can
move through the semipermeable membrane, moisture will
be able to equalize rapidly with the external humidity and
moisture will not condense 1nside the device. In a tightly
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sealed construction, the condensation of moisture 1inside the
device when moving to a colder environment 1s a problem.
The reduction 1 condensation will improve the reliability of
the device.

If the through-hole formed by the gas-permeable mem-
brane 1s located at the side of the instrument, the hole and its
structures will not increase the external dimensions of the
device. Similarly, the top surface can be used entirely for the
display. In this position, the ventilation of the membrane 1s
also very good, which will increase operating reliability. The
membrane 1s well supported shielded by the structure and
body of the istrument, so that the membrane will not be
damaged by contact with, for example, an external object or
great pressure. If the membrane 1s well supported and 1s made
ol a strong enough matenal, 1t will be possible to implement
a through-hole that can withstand even the pressure class
required 1n diving watches. Under water, the pressure cannot,
of course, be measured through the watertight membrane, at
least with the aid of the change in the internal pressure 1n the
device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention 1s examined with the aid of
examples and with reference to the accompanying drawings.

FIG. 1 shows schematically one arrangement according to
the invention.

FI1G. 2 shows a detail of FIG. 1.

FI1G. 3 shows a detail of one embodiment of the mnvention.

FIG. 4 shows a second arrangement according to the inven-

tion.
FIG. 5 shows a detail of FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

In the following, some general features of the imnvention are
examined.

The actual gas-permeable membrane, which 1s used, must
be made sturdy and thus to some extent less permeable to gas.
Poor permeability and the consequent slower pressure equal-
1zation can be compensated by increasing the surface area of
the membrane.

The location of the through-hole formed with the aid of a
membrane 1s preiferably at the side of the body, but not,
however, where the wristband 1s, so that the through-hole
with 1ts structures will not practically increase the projection
surface-area of the product, but instead the greatest possible
proportion of the upper surface will be available for the dis-
play of the device. A location on the bottom of the device has
the drawback that the membrane will not be ventilated as
clifectively as at the side or on the top. The bottom of the
device also forms a surface against the wrist, so that any dirt
that enters between the device and the wrist, as well as
detached dead skin cells, can block the through-hole 1n long-
term use. At times the wrist may also close the opening of the
through-hole. The ventilation of the membrane 1s of primary
importance, because 1f the membrane becomes wet 1ts gas
permeability and pressure-transter ability will diminish sub-
stantially. In that case, when the membrane 1s wet, the device
will congeal enough to make the pressure measurement of the
barometer or altimeter function erroneous and the data shown
by the device also erroneous. On the other hand, in some
products this pressure variation could be used to realize
water-contact detection, particularly 11 it 1s combined with the
precise measurement of temperature from the circuit board.
On the other hand, 1f the device has a water-contact detection
unit known from diving computers, the device can use 1t to
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determine that 1t 1s 1n water and can at least make an entry 1n
the altimeter recording that the device 1s 1n water and thus the
pressure data cannot be used.

The membrane should be ventilated, but should also be
protected so that 1t does not become damaged when i1t 1s on the
wrist of the user. The protection can be a steel mesh or two
perforated plates on top of each other, between which there 1s
an open space and the holes of which are situated so that they
do not coincide with each other.

The sealing of the membrane with the body 1s one of the
most important points of the construction. In this case, adhe-
stve-sticker or glue solutions may not necessarily be the most
advantageous. A longer period of use in outdoor conditions
may spoil the seal of these solutions after some time. It would
thus be advantageous to base the sealing on a mechanical seal,
in such a way that there 1s a high-quality smooth seal surface
in the body, against which a smooth seal surface in the semi-
permeable membrane 1s pressed. In this joint, 1t 1s also pos-
sible to use a seal ring or a suitably shaped seal or an O-ring.
The important point 1s to seal the gap between the instrument
body and the gas-permeable membrane or plate 1n such a way
that the mechanical structure creates a continuous pressure on
the seal surfaces. This seal and pressure can be formed in
many ways, for example, by the structures shown in the
accompanying figures. Of course, a carefully implemented
glue or adhesive-sticker attachment can very well be func-
tional 1n some conditions.

The permeable surface area of the membrane can be, for
example, 5 mm~, depending on how rapid a change in pres-
sure 1t 1s wished to monitor. Parachuting 1s one extreme for the
most rapid measurement required, while normal trekking
forms the slow measurement requirement. If the membrane 1s
relatively large, 1t will have to be supported, for example, with
a steel mesh or perforated plate, so that 1t will withstand the
seal testing carried out with water pressure, as well as possi-
bly being submerged under water, without breaking. The
perforated plate can be replaced with perforation 1n the actual
watch body, or a membrane support structure that permits
pressure transmission to occur with the aid of a hole and
grooving.

FIG. 1 shows one embodiment of the present invention.
Inside the mnstrument body 1 there 1s the measurement elec-
tronics’ circuit board 2, 1n which a pressure sensor 3 1s set.
The interior of the instrument body 1 1s made to be watertight
in a conventional manner, to meet the requirements of the
established standards. The watertightness class 1s determined
according to the operating purpose. A through-hole 4, imple-
mented with the aid of a semi-permeable membrane 1s on the
side of the mstrument body 1. Thus the through-hole 4 takes
up no space on the display-side surface, nor can the wrist
block the through-hole on the hand-side surface. It 1s also
preferable for the through-hole not to be situated 1n the area
delimited by the wristband attachments 5, as this would
reduce 1ts ventilation. On the other hand, 1n the area between
the attachments the wristband will protect the through-hole
from mechanical contacts. In order to implement the through-
hole 1tself, holes, of which there are four 1n this example, are
made 1n the mstrument body 1. The number, location, shape,
and cross-sectional area of the hole can vary. The important
factor 1s for the permeability of the holes and the gas-perme-
able membrane 7 to be suilicient to achieve a pressure-equal-
1ization speed according to the operating purpose. A flat seal
surface 8, against which the gas-permeable but watertight
membrane 7 1s pressed, 1s formed 1n the instrument body 1, in
the area surrounding the holes. The membrane 7 can be made,
for example, from stretched polytetratluoroethylene (PTFE),
suitable membranes being commercially available. The parts
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of the membrane 7 that press against the seal surface can be at
least partly surfaced with a sealing matenal, so that a good
seal will be obtained against the seal surface 8 of the 1nstru-
ment body 1. The quality, roughness, and shape of the seal
surface 8 must be such that watertightness 1s achieved
between the membrane 7 and the surface. Guideline values
for the manufacture of the surface can be obtained from
engineering standards and handbooks, and from manufactur-
ers’ design guidelines. In this construction, 1t 1s advantageous
i there can be a single seal surface while the other surfaces
need not be finished 1n a corresponding manner. Thus in this
case manufacturing costs can be kept low.

In this solution, the instrument body 1 supports the rear
surface of the gas-permeable membrane 7. The membrane 1s
protected on its opposite side to that facing the instrument
body 1, using a construction such as the following. First ot all
lying against the membrane 7 1s an O-ring 9 on the seal
surface 8. With the aid of the flexible O-ring 9, a precisely
defined suitable compressive force can be created against the
membrane 7, which will ensure a tight joint between the
membrane 7 and the sealing surface 8 in long-term use. A
support ring 10 1s located on the inside of the O-ring 9. A steel
pressure plate 11, in which there 1s at least one hole 12, 1s
fitted on top of the support ring 10 and the O-ring 9. On the
very top of the construction 1s a cover plate 13, in which there
are four holes 14. The cover plate 13 1s shown from outside
(from the direction A) 1n FIG. 2. In this case too the number,
location, shape, and cross-sectional area of the holes can vary.
However, the holes 12, 14 of the cover plate 13 and the
pressure plate 11 should be situated 1n such a way that they do
not coincide with each other, thus preventing a direct connec-
tion through the holes 14 of the cover plate 13 to the mem-
brane 7. However, there must be a mutual flow connection
between the holes or other openings.

The cover plate 13 1s attached to the instrument body 1 by
screws 15. It 1s obvious that the attachment can be imple-
mented 1n other ways too, for mstance as a threaded attach-
ment or by riveting. There 1s a recess 16, which forms a space
between the cover plate 11 and the pressure plate 11, 1n the
part of the pressure plate 11 that lies against the cover plate
11. In thas way, air can tflow through the holes 1n the plates.
The sealing effect of the O-ring 1s based on its flexibility and
the compressive force forming the defined compression. In
the above solution, this 1s created by means of the dimension-
ing of the recess of the cover plate 13 against the instrument
body 1. The height of the edge 17 at the edges of the recess 16
and against the pressure plate 11 must be such that when the
cover plate 13 1s tightened by the screws 15 against the instru-
ment body, the gap between the pressure plate 11 and the
istrument body 1 creates suilicient compression in the
O-ring. Here, the purpose of the support ring 10 1s to delimat
the space of the O-ring, so that it will remain the correct shape
and the desired amount of compression 1s created. O-ring
manufacturers provide dimensioning guidelines for the
installation of the rings.

In the embodiment of FIG. 3, a fiber fabric 1s used to
support the gas-permeable membrane 7 and a single large
through-hole opening can be made in the instrument body.
The fiber fabric 1s situated on the interior side of instrument
body 1. This 1s important because the fiber fabric will then be
protected inside from becoming wet and cannot become satu-
rated and dirtied. The collection of water or dirt on the fiber
tabric would prevent the membrane from breathing.

In the solution of FIG. 3, two-part O-ring sealing 1s used.
An stallation groove 18, into which the edge 19 of the cover
plate 13 and the first O-ring 19 on the 1nner side of the edge fit,
1s formed 1n the mstrument body 1 for the sides of the mem-
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brane 7. In this solution, the cover plate can be attached to the
instrument body 1 by means of threads 20 formed 1n the edges
of the installation groove 18 and 1n the outer surface of the
cover plate 13. There 1s a second 1installation groove 1n the
surface of the cover plate 13 facing the membrane 7, for a
second O-ring 20. This O-ring can be supported from 1ts inner
surface by a supportring, or by the shape of the cover plate 13.
The protection of the membrane from contact can be 1mple-
mented 1n the manner described above, or for instance by a
suitably dense protector mesh. Instead of a threaded attach-
ment, an adhesive, a lock ring, or other conventional attach-
ment solutions can be used to attach the cover plate.

In the solutions shown 1n FIG. 4, the edges of the gas-
permeable membrane 7 on the instrument-body side are seals
by means of an O-ring located 1n the installation groove 22. In
this solution, crosswise H-shaped grooves (FIG. 5) are
formed 1n the pressure plate 11, one on each side of plate 11.
The grooves do not run through the plate, instead there 1s a
hole 1n the plate at the intersection of the bottoms of the
grooves. The plate now presses from a large surface against
the membrane 7, but the surface area lying against the mem-
brane 1s also large. Naturally, the H-groove on the surface
tacing the cover plate 13 must at least partly coincide with the
holes 14 of the cover plate 13. It 1s possible to use a similar
type of construction in the surface of the mstrument body 1
facing the membrane 7, 1n which case relatively good support
will be achieved, without compromising with a suificiently
small flow resistance. It 1s obvious that the grooving of the
pressure plate 11 facing the membrane must at least partly
correspond to the grooving 1n the mstrument body. The shape
of the grooving can of course vary. Alternatively, the grooving
can be only 1n the mstrument body. In this solution too, there
1s also only surface to be sealed, which 1s formed between the
O-ring and the rear surface of the membrane. In this case, the
surface of the membrane facing the seal must be treated 1n
such a way that a sufficient seal 1s achieved. The membrane
can, for example, have impermeable edges and be surfaced
with a material that provides suificient smoothness.

The mmvention can be implemented with the aid of many
different kinds of constructional solutions. Similarly, materi-
als such as metals, metal alloys, polymers, composite mate-
rials, and ceramics, which are widely used 1n the manufacture
ol mstruments, can be used as the materials. The only 1imi-
tation regarding the selection of the material 1s that the mem-
brane must be permeable by a gas, but nevertheless water-
tight. Thus a material must be used as the membrane, 1n which
it 1s possible to form a porosity and thickness that meets this
requirement.

The term flow path can be used generally for the openings
or holes 1n the mstrument body, the cover plate, the pressure
plate, and elsewhere 1n the structure.

The invention claimed 1s:
1. A device for measuring pressure in a wristop instrument,
which comprises
an 1mstrument body which defines at least one watertight
space therein,
at least one circuit board disposed in the watertight space,
at least one tflow path which extends through the instrument
body for communication with the watertight space,
at least one membrane which watertightly closes the tlow
path said membrane being permeable to gas, but not by
water, and
a pressure sensor disposed 1n the same watertight space as
that of the at least one circuit board.
2. The device according to claim 1, wherein the pressure
sensor 1s situated on the circuit board 1n said watertight space.
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3. The device of claim 1, wherein the gas-permeable mem-
brane 1s sealed to the mstrument body by at least one seal
structure 1n which the seal 1s based on compression between
the seal surfaces.

4. The device according to claim 3, wherein the seal struc-
ture comprises a seal surface formed 1n the mstrument body
and against which the gas-permeable membrane 1s pressed.

5. The device according to claim 3, wherein the seal struc-
ture comprises at least one seal element, at least one surface of
which presses against the surface of the membrane.

6. The device according to claim 1 wherein support ele-
ments are provided for supporting the gas-permeable mem-
brane from 1ts side facing the watertight space.

7. The device according to claim 6, wherein the support
clements form a component that presses the instrument body

against the membrane.

8. The device according to claim 6, wherein the support
clements include a fiber fabric fitted on the side of the water-
tight space.

9. The device according to claim 1, characterized in that the
permeable membrane 1s protected mechanically from con-
tact.

10. The device according to claim 9, wherein the perme-
able membrane 1s protected mechanically from contact by
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forming a flow path that runs from outside the 1nstrument
body to the membrane, 1n such a way that a direct contact
connection 1s prevented.

11. The device according to claim 9, wherein the perme-
able membrane 1s protected mechanically from contact by
means of a dense mesh structure.

12. The device according to claim 1 wherein at least one
flow path 1s situated on the side of the mstrument body, 1n
such a way that it does not open onto a surface of the body
lying against the hand, or onto the same surface as a display.

13. The device of claim 1, said device compressing a wris-
top 1nstrument.

14. A watertight electronic device which comprises

a housing which defines a watertight chamber,

clectronic components of the electronic device disposed on
the watertight chambers,

a pressure sensor disposed 1n the watertight chamber,

a flow path disposed in the housing for providing commu-
nication between housing and the environment outside
the housing, and

a membrane which watertightly closes the tflow path, said
membrane being permeable to gas but not permeable to
water, whereby the pressure outside the device can be
transierred to the pressure sensor mside the device while
preventing water from entering the watertight chamber.
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